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In this work, we study the newly observed DJ(3000) and D∗J(3000) through the analysis of mass spectrum
and calculation of the corresponding two-body strong decay behaviors. Our results show that DJ(3000) and
D∗J(3000) are explained as the 2P(1+) and 23P0 states in the D meson family, respectively, which is supported
by the calculated masses of these two states and their decay behaviors. As a byproduct, the decay behaviors of
31S 0, 33S 1, 2D(2−), 23D1, 2D′(2−), 23D3, 2P′(1+), 23P2, 1F(3+), 13F2, 1F′(3+), and 13F4 states are also given,
which will be helpful to further experimentally study mixings of these D mesons, too.
PACS numbers: 14.40.Lb, 12.38.Lg, 13.25.Ft
Very recently the LHCb Collaboration announced several
DJ resonances by studying the D+π−, D0π+ and D∗+π− in-
variant mass spectra, which are obtained from the inclusive
processes pp → D+π−X, pp → D0π+X and pp → D∗+π−X,
respectively, where X denotes a system composed of any col-
lection of charged and neutral particles [1]. D∗J(3000)0 as-
sociated with D∗2(2460)0 and D∗J(2760)0 exists in the D+π−
invariant mass spectrum. In addition, their charged partners
D∗J(3000)+, D∗2(2460)+ and D∗J(2760)+ were observed in the
D0π+ mass invariant spectrum. In the D∗+π− mass spec-
trum, reported were seven DJ mesons, which are D1(2420)0,
D∗2(2460)0, D∗J(2650)0, D∗J(2760)0, DJ(2580)0, DJ(2740)0
and DJ(3000)0. The measurement from LHCb also indi-
cates that D∗J(2650)0 and D∗J(2760)0 are natural states while
DJ(2580)0, DJ(2740)0 and DJ(3000)0 are unnatural states [1].
Here, the D mesons with JP = 0+, 1−, 2+, ... and P = (−1)J are
the so-called natural states while those with JP = 0−, 1+, 2−, ...
are grouped into unnatural states [1].
Among these atates, DJ(3000)+,0 and D∗J(3000)0 are first
observed by experiments as DJ states around 3 GeV. At the
present, experiments measured their resonance parameters as
mDJ (3000)0 = 2971.8 ± 8.7 MeV, (1)
ΓDJ (3000)0 = 188.1 ± 44.8 MeV, (2)
mD∗J (3000)0 = 3008.1 ± 4.0 MeV, (3)
ΓD∗J (3000)0 = 110.5 ± 11.5 MeV. (4)
and they gave the information on several decay channels.
Thus, it is urgent to reveal their underlying properties by com-
bining the present experimental data with the theoretical anal-
ysis. In this work, we extract the structure information of
DJ(3000)+,0 and D∗J(3000)0 by performing the phenomeno-
logical study, which is an intriguing research topic.
The meson system composed of heavy and light quarks can
be described by the heavy quark effective theory, which makes
the expansion in terms of 1/mQ suitable when studying the
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heavy-light meson. Under this framework, the heavy-light
meson can be classified by a quantum number jP
ℓ
, where the
angular momentum of a light component jℓ is a good quan-
tum number in the limit of mQ → ∞. Thus, the heavy-light
mesons can be grouped into different doublets (see Table I for
details).
TABLE I: The doublets categorized by jP
ℓ
. Here, the subscripts S ,
P, D, and F denote the orbital angular momenta L = 0, 1, 2, and 3,
respectively. The superscripts + and − are the corresponding parity
P. In addition, the quantum numbers in the bracket are JP with a
total angular momentum J.
L jP
ℓ
Doublet jP
ℓ
Doublet
0 12
− (0−, 1−)S – –
1 12
+ (0+, 1+)P 32
+ (1+, 2+)P
2 32
− (1−, 2−)D 52
− (2−, 3−)D
3 52
+ (2+, 3+)F 72
+ (3+, 4+)F
The experimental information on the decays of DJ(3000)+,0
and D∗J(3000)0 can constrain their JP quantum numbers. As
for D∗J(3000), its possible JP quantum number is either 0+ or
1− or 2+ if D∗J(3000) → Dπ occurs via S -wave, P-wave, and
D-wave decays, respectively. As for DJ(3000), its possible
JP quantum number is constrained as either 1+ or 0−/1−/2−
or 1+/2+/3+ if DJ(3000) → D∗π via S -wave, P-wave, and
D-wave, respectively. Although the masses of DJ(3000) and
D∗J(3000) are close to each other, DJ(3000)+,0 and D∗J(3000)0
are two completely different states because the angular dis-
tributions of DJ(3000)+,0 and D∗J(3000)0 are consistent with
unnatural and natural states [1], respectively. Hence, we can
exclude JP = 1−, 2+ assignments to DJ(3000) and D∗J(3000)
since DJ(3000) and D∗J(3000) with JP = 1−, 2+ can decay into
both Dπ and D∗π, which is inconsistent with the present ex-
perimental data. By the above analysis, JP = 0+ for D∗J(3000)
and JP = 1+, 0−, 2−, 3+ for DJ(3000) are possible, which are
fully consistent with categorization in terms of natural and un-
natural states.
In this work, we examine whether the observed DJ(3000)
2and D∗J(3000) states can be grouped into a conventional
charmed meson family. Of course, the observed D∗ state
could be mixed with tetraquark structures and two-meson
molecules, for example in [2–4] and some like D∗ρ can also
form molecules [5]. The corresponding studies are also inter-
esting research topics.
To further extract the structure information on these ob-
served DJ(3000)+,0 and D∗J(3000)0, we will perform the analy-
sis of mass spectrum and the calculation of the corresponding
two-body strong decay behaviors.
Spectroscopy : As discussed above, the possible quantum
numbers for DJ(3000)+,0 and D∗J(3000)0 are deduced by the
observed decay channels. Thus, DJ(3000)+,0 and D∗J(3000)0
can be as higher radial excitations and 1F states of the D
meson family. Before the observations of DJ(3000)+,0 and
D∗J(3000)0, different theoretical groups calculated the masses
of higher radial excitations of the D meson by different mod-
els [6–9].
In order to have a better understanding of assignment for
newly observed DJ(3000) and D∗J(3000), we first discuss the
mass spectrum of the D meson, where the relativistic quark
model [6] is applied to calculate the masses of higher radial
excitations and 1F states in the D meson family. In the orig-
inal paper [6], the D meson masses for 1S , 1P, 1D, and 2S
quantum numbers were given, which are around or below 2.8
GeV. 1S and 1P states in the D meson family were well es-
tablished in experiments [10]. In addition, there exist sev-
eral good candidates for 1D and 2S states in this family since
the experimentally observed D(2550), D(2600), and D(2770)
can be assigned as 1D, 2S or mixing of 2S and 1D states
[11], respectively. D∗J(2650), D∗J(2760), D∗J(2580), D∗J(2740)
recently reported by LHCb [1] can also be identified as the
missing 2S and 1D states when comparing with the former
experiment [12] and the predicted D meson mass spectrum.
However, we also notice that the masses of higher radial
excitations and 1F were not calculated in Ref. [6], Thus, in
our work we calculate the mass of these states in the D meson
family with the relativistic quark model, which will be com-
pared with the experimental results of DJ(3000) and D∗J(3000)
discussed here.
We briefly outline calculation in the relativistic quark model
below. The total Hamiltonian ˜H1 for the D meson is [6]
˜H1 =
(
p2 + m21
)1/2
+
(
p2 + m22
)1/2
+ ˜Hconf12 + ˜H
so
12 +
˜Hhyp12 (5)
with a confinement term
˜Hconf12 =
(
1 +
p2
E1E2
)1/2
˜G(r)
(
1 +
p2
E1E2
)1/2
+ ˜S (r). (6)
Here ˜Hhyp12 is a sum of tensor and contact terms
˜Hhyp12 = ˜H
tensor
12 +
˜Hc12, (7)
and ˜Hso12 denotes the spin-orbit term, which can decompose
into symmetric ˜Hso(12) and antisymmetric ˜H
so
[12]. The antisym-
metric term vanishes when the masses of two quarks within
the meson are equal. The explicit form of those interactions
can found in Appendix A of [6].
The total Hamiltonian ˜H1 can be divided into two parts in
the bases | j,m, s, l〉. The first one is the diagonal part Hdiag,
which has the form
Hdiag =
(
p2 + m21
)1/2
+
(
p2 + m22
)1/2
+ ˜Hconf12
+ ˜Hso(12) +
(
˜Htensor12
)
diag
+ ˜Hc12, (8)
and the second one is the off-diagonal part Hoff
Hoff = ˜Hso[12] +
(
˜Htensor12
)
off
, (9)
where
(
˜Htensor12
)
diag
and
(
˜Htensor12
)
off
denote the diagonal and off-
diagonal parts of ˜Htensor12 , respectively.
TABLE II: The comparison of the calculated masses of D mesons
from different models [6–9]. Here, besides reproducing the masses
of 1S , 2S , 1P and 1D states in Ref. [6], we also give the masses
of the higher radial excitations and the 1F states via the relativistic
quark model (see the second column for more details). The symbol
”–” denotes that the corresponding masses were not calculated in the
corresponding papers. The values marked by ”(mixed)” means that
mixing of the states with the same JP quantum number in the heavy
quark limit is considered in the calculation
n2S+1 JL This work Ref. [7] Ref. [8] Ref. [9]
11S 0 1874 1867 1868 1871
13S 1 2038 2009 2005 2010
21S 0 2583 – 2589 2581
23S 1 2645 – 2692 2632
31S 0 3068 – 3141 3062
33S 1 3111 – 3226 3096
11P1 2457 2350 (mixed) 2417 (mixed) 2469 (mixed)
13P0 2398 2293 2377 2406
13P1 2465 2432 (mixed) 2490 (mixed) 2426 (mixed)
13P2 2501 2448 2460 2460
21P1 2933 – 2995 (mixed) 3021
23P0 2932 – 2949 2919
23P1 2952 – 3045 (mixed) 2932
23P2 2957 – 3035 3012
11D2 2827 – 2775 (mixed) 2850
13D1 2816 2803 2795 2788
13D2 2834 2726 (mixed) 2833 (mixed) 2806 (mixed)
13D3 2833 – 2799 2863
21D2 3225 – – 3307 (mixed)
23D1 3231 – – 3228
23D2 3235 – – 3259
23D3 3226 – – 3335
11F3 3123 – – 3145 (mixed)
13F2 3132 – 3101 3090
13F3 3129 – 3123 (mixed) 3129 (mixed)
13F4 3113 – 3091 3187
Having the total Hamiltonian, we can obtain the mass spec-
trum of the D meson family by diagonalizing Hdiag in the
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FIG. 1: (Color online). The calculated masses of the D meson by the relativistic quark model and the comparison with the experimental values
of DJ(3000) and D∗J(3000). In addition, the information of D∗J(2760), DJ(2740), D∗J(2650), DJ(2580), D∗(2460) and D(2420) which were
reported by LHCb [1] is also given here.
bases | j,m, s, l〉 and treating Hoff perturbatively. Here, the off-
diagonal elements, which can cause mixing, is neglected. The
calculated mass spectra of the D meson are listed in Table II,
where we not only reproduce the results presented in Ref. [6]
but also show the values of masses of higher radial excita-
tions and 1F states in the D meson family. In our calculation,
we do not include the coupled-channel effects. If considering
such effects, the masses of the observed states can be shifted
with respect to the expected qq¯ because of the presence of the
D∗ρ, ω, φ thresholds. In addition, we also list the results from
other models [7–9] for the comparison with those of the rel-
ativistic quark model as discussed above. From Table II, we
notice that the calculated masses of D mesons from different
groups are consistent with each other. What is more important
is that the theoretical masses of these 3S , 2P and 1F states are
around 3 GeV, which are close to the experimental values of
DJ(3000) and D∗J(3000) [1]. In Fig. 1, we further compare the
results calculated by the relativistic quark model with the ex-
perimental results of DJ(3000) and D∗J(3000), which explic-
itly shows the above conclusion. This fact indicates that as-
signment of DJ(3000) and D∗J(3000) to the candidates of 3S ,
2P, 2D and 1F is possible. However, the analysis of the mass
spectrum cannot provide further information of the concrete
structure of these two DJ(3000) and D∗J(3000) states. Thus,
we need to carry out their study on two-body strong decay
behaviors, which will be useful to further clarify this point.
Decay : To describe the OZI allowed two-body strong de-
cays of DJ(3000) and D∗J(3000) states, the quark pair creation(QPC) model [13–19] is employed, where the QPC model
was extensively applied to study the strong decay of hadrons
[11, 20–26]. In the QPC model, meson decay occurs through
a quark-antiquark pair created from the vacuum. Following
the convention in Refs. [22, 27], the transition operator T in
the non-relativistic limit is expressed as
T = −3γ
∑
m
〈1m; 1 − m|00〉
∫
dk3dk4δ3(k3 + k4)
×Y1m
(
k3 − k4
2
)
χ341,−mφ
34
0 ω
34
0 d
†
3i(k3)b†4 j(k4), (10)
which describes a flavor and color singlet quark-antiquark
pair created from vacuum with the same quantum number as
that of vacuum, namely JPC = 0++. The flavor and color
wave functions have the forms φ340 = (uu¯ + d ¯d + ss¯)/
√
3 and
ω340 = δi j/
√
3, respectively. i and j denote the color indices.
Ylm(k) = |k|lYlm(k) is the solid harmonic polynomial. χ341,−m is
the spin wave function with an angular momentum quantum
number (1,−m). γ is the model parameter, which describes the
strength of quark-antiquark pair creation from vacuum. Here,
the γ value is chosen to be 6.3 and 6.3/
√
3 for the creations of
4u/d quark and s quark [22], respectively.
TABLE III: The adopted masses and R values in our calculation.
Here, the values listed in the fifth column are from our calculation
in the relativistic quark mode.
States R (GeV−1) [30] Mass (MeV) [10] States R (GeV−1)
D±/0 1.52 1869.62/1864.86 D(31S 0) 2.33
Ds 1.41 1968.49 D(33S 1) 2.38
D∗±/0 1.85 2010.28/2006.98 D(21P1) 2.27
D∗s 1.69 2112.3 D(23P0) 2.13
D(2400) 1.85 2318 D(23P1) 2.27
Ds(2317) 1.75 2317.8 D(23P2) 2.38
D(2430) 2.00 2427 D(21D2) 2.38
D(2420) 2.00 2421.3 D(23D1) 2.27
D(2460) 2.22 2464.4 D(23D2) 2.38
K±/0 1.41 493.68 /497.61 D(23D3) 2.56
K∗ 2.08 891.66 D(11F3) 2.44
π±/0 1.41 139.57/134.98 D(13F2) 2.33
η 1.41 547.85 D(13F3) 2.38
η′ 1.41 957.78 D(13F4) 2.56
ρ 2.08 775.49 – –
ω 2.08 782.65 – –
The helicity amplitude MMJA MJB MJC (K) for a decay of A
meson into B +C is defined as
〈BC|T |A〉 = δ3(KB + KC − KA)MMJA MJB MJC (K), (11)
where |A〉, |B〉 and |C〉 denote mock states [28]. The expres-
sion of a mock state for a meson A, for example, is given by
|A(n2S+1LJMJ )(KA)〉 =
√
2E
∑
MS ,ML
〈LMLS MS |JMJ〉χAS MS
×φAωA
∫
dk1dk2δ3(KA − k1 − k2)
×ΨAnLML (k1, k2)|q1(k1)q¯2(k2)〉, (12)
where χAS MS , φ
A and ωA denote the spin, flavor and color wave
functions of a meson A, respectively. ΨAnLML (k1, k2) is the me-
son spacial wave function in momentum space with the form
ΨAnLML (k1, k2) = RAnL(|k|)YLML (k), (13)
where RAnL(|k|) is the radial wave function and k = (m1k2 −
m2k1)/(m1 + m2) is the relative momentum between quark
and antiquark. In our calculation, the simple harmonic os-
cillator (SHO) wave function is chosen to represent the radial
wave function. Thus, the parameter R in the SHO wave func-
tion is involved in our calculation, where the R values in the
SHO wave functions can be determined by reproducing the
root mean square (RMS) of the corresponding states calcu-
lated in the relativistic quark model. In Table III, we list these
adopted R values in our calculation of strong decays.
The corresponding partial wave amplitude MS L(|K|) is re-
lated to the helicity amplitude MMJA MJB MJC (K) via the Jacob-
Wick formula [29] by choosing K along the positive z axis,
i.e.,
MLS (K) =
√
2L + 1
2JA + 1
∑
MJB ,MJC
〈L0S MJA |JAMJA〉
×〈JBMJB JC MJC |S MJA〉MMJA MJB MJC (K).(14)
The two body decay width in terms of the partial wave ampli-
tude is
Γ = π2
|K|
M2A
∑
LS
|MLS |2 (15)
with MA is the mass of a particle A.
We need to emphasize that the mixture between 21P1 and
23P1 is considered, i.e.,
 2P(1
+)
2P′(1+)
 =
 cos θ1 sin θ1− sin θ1 cos θ1

 2
1P1
23P1
 , (16)
where θ1 is the mixing angle. Later, we will discuss it by tak-
ing the phenomenological analysis into account. In addition,
we also introduce the mixtures of 21D2 and 23D2 states and
11F1 and 13F3 states, which satisfy
 2D(1
−)
2D′(1−)
 =
 cos θ2 sin θ2− sin θ2 cos θ2

 2
1D2
23D2
 (17)
and
 1F(3
+)
1F′(3+)
 =
 cos θ3 sin θ3− sin θ3 cos θ3

 1
1F3
13F3
 , (18)
respectively. Here, θ2 and θ3 are the corresponding mixing
angles. In Eqs. (16)-(18), we use prime to distinguish the
states with the same JP quantum number.
In our calculation, the final states are related to
D(2420)/D(2430) and Ds(2460)/Ds(2536), which are the
1+ states in the D and Ds meson families, respectively.
D(2420)/D(2430) and Ds(2460)/Ds(2536) are the mixing of
11P1 and 13P1 states [31, 32], i.e.,
 D(2430)D(2420)
 =
 cos θ sin θ− sin θ cos θ

 D(1
1P1)
D(13P1)
 (19)
and
 Ds(2460)Ds(2536)
 =
 cos θ sin θ− sin θ cos θ

 Ds(1
1P1)
Ds(13P1)
 , (20)
where the mixing angle is taken as θ = −54.7◦ or 35.3◦, which
is the estimate in the heavy quark limit.
Phenomenological analysis ; Case D∗J(3000) : As discussed
above, D∗J(3000) can be a natural parity state. Thus, we
study its decay behavior with the 33S 1, 23D1, 23D3, 23P0,
523P2, 13F2, and 13F4 assignments. The partial and total de-
cay widths of D∗J(3000) are shown in Table IV. Our results
show that the 33S 1, 23D1, 23D3, 23P2, and 13F4 assignments
to D∗J(3000) can be fully excluded since the corresponding to-
tal decay widths are far less than the full width of D∗J(3000)
measured by LHCb [1]. The remaining two possibilities of
the internal structure of D∗J(3000) are 23P0 and 13F2, where
the total decay width of these states have the same oder of
magnitude as the experimental result.
If D∗J(3000) is a 23P0 state, the Dπ channel is dominant
while the D∗π channel is fully forbidden, which is consis-
tent with the experimental observation. In addition, D∗ρ,
D(2420π), and D(2427)π are the dominant decay channels of
D∗J(3000) and the main decay channels of D∗J(3000) include
Dη, DsK, and D∗ω.
If D∗J(3000) is a 23F2 state, D∗J(3000) dominantly decays
into D(2427)π. D∗π, Dπ, Dρ, D∗ρ, D(2460)π, and D(2420)π
are the main decay modes. Among these main decay modes,
the partial decay widths of D∗J(3000) into Dπ and D∗π are
comparable with each other, which indicates that D∗J(3000)
can be found in the D∗π channel. However, there is no evi-
dence of D∗J(3000) in the D∗π invariant mass spectrum given
by LHCb [1]. According to this fact, we can exclude the 23F2
assignment to D∗J(3000).
Although the 33S 1, 23D1, 23D3, 23P2, 23F2, and 13F4 as-
signments to D∗J(3000) can be excluded by the above calcula-
tion, we obtain the decay behaviors of these states, where we
set the masses of these states to be the mass of D∗J(3000). The
numerical results in Table IV show:
1. The 33S 1 state mainly decays into D∗π, D∗ρ, D(2460)π,
D(2420)π, and D(2427)π. Its DsK, D∗η′, DsK∗, D∗sK∗,
D(2420)η, D(2427)η and Ds(2460)K are tiny. In gen-
eral, the 33S 1 state is a narrow D meson.
2. As for the 23D1 state, the main decay channels include
Dπ, Dη, DsK, D∗π, D∗ρ, D∗ω, and D(2427)π. Among
main decay modes, Dπ is dominant. Hence, the ideal
decay channel to experimentally search for the 23D1
state is Dπ.
3. The 23D1 state also has a very narrow width. Dπ,
D∗ρ, D∗ω, D(2460)π, and D(2420)π are its main decay
modes.
4. The 23P2 state can mainly decay into D(2420)π,
D(2460)π, Dρ, D(2427)η and Dπ. The sum of its partial
decay widths can reach up to 47 MeV.
5. For the 13F4 state, D∗ρ is a dominant decay mode while
D∗ω is another main decay channel. The total decay
width of 13F4 state is 39 MeV.
The above information is valuable to further search for the
partners of D∗J(3000).
Case DJ(3000) : In the following, we discuss DJ(3000)
by combining our results with the experimental data. As
for DJ(3000), the possible quantum numbers include 0−, 1+,
2− and 3+, which correspond to the 31S 0, 2P(1+)/2P′(1+),
2D(2−)/2D′(2−) and 1F(3+)/1F′(3+), respectively. In Table
V, the partial and total decay widths of DJ(3000) as the 31S 0
state are shown and the allowed decay channels of DJ(3000)
as the 2P(1+)/2P′(1+), 2D(2−)/2D′(2−) and 1F(3+)/1F′(3+)
states are given. Since the total width of DJ(3000) as the 31S 0
state is about 25 MeV, which is far smaller than the experi-
mental width. Hence, the 31S 0 assignment to DJ(3000) can
be fully excluded.
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FIG. 2: (Color online). The dependences of the total decay
width of DJ(3000) as the 2P(1+)/2P′(1+), 2D(2−)/2D′(2−) and
1F(3+)/1F′(3+) states on the mixing angles θ1, θ2 and θ3 respec-
tively. Here, the blue dashed line with a yellow band is the experi-
mental width of DJ(3000) by LHCb [1]. The red vertical solid line
corresponds to the mixing angle θ1 = −54.7◦.
In Fig. 2, we present the total decay width of DJ(3000)
as the 2P(1+)/2P′(1+), 2D(2−)/2D′(2−) and 1F(3+)/1F′(3+)
states, which are dependent on the mixing angles θ1, θ2 and
θ3, respectively. The Fig. 2 (a) shows that the total decay
width of the 2P(1+) state overlaps with the experimental result
6with an error of DJ(3000) when taking θ1 = (−40 ∼ −70)◦ or
θ1 = (20 ∼ 45)◦. Here, both regions are consistent with the
requirement from the heavy quark limit since θ1 = −54.7◦ or
θ1 = 35.3◦ can be estimated in the heavy quark limit [30, 32].
The difference is which state is identified as P or P′. Hence,
explanation of DJ(3000) as the 2P(1+) state in the D meson
family is suitable. As the partner of this state, the 2P′(1+) state
has narrow total decay width, which can be grouped into the
1+ state in the (1+, 2+)P doublet. DJ(3000) is the 1+ state in
the (1+, 2+)P doublet since DJ(3000) is of broad width. These
conclusions are also in good agreement with the estimate by
the heavy quark limit.
Since the total decay widths of DJ(3000) as the
2D(2−)/2D′(2−) and 1F(3+)/1F′(3+) states are deviated from
the experimental width of DJ(3000) (see Fig. 2 (c)-(d) for
more details), we exclude these two assignments to DJ(3000).
Besides discussing the information of the total decay width,
we further give the partial decay widths of DJ(3000) as the
2P(1+) state, which is shown in Table V. In addition, the par-
tial decay widths of the 2P′(1+) are also calculated here.
From Table V, we notice that the D∗π channel is one of the
most dominant decay modes of the 2P(1+), which is well con-
sistent with the experimental observation [1], where DJ(3000)
was first observed in the D∗π decay channel. Other domi-
nant decay modes of the 2P(1+) state include D(2460)π, D∗ρ,
D(2420)π and D(2427)π, while the main decays are D∗η,
D∗sK, Dρ, Dω, D∗ω, and D(2400)π. As for the 2P′(1+) state,
it can dominantly decay into D∗ρ, D(2400)π, D(2420)π and
D(2427)π, which are valuable to search for the 2P′(1+) state
in experiment.
Summary : Stimulated by two newly observed DJ(3000)
and D∗J(3000) [1], we carry out the study of their properties by
analyzing the mass spectrum and calculating the decay behav-
iors. This phenomenological investigation can further shed
light on the underlying structures of DJ(3000) and D∗J(3000).
Both the obtained mass spectra of the D meson and the two-
body decay behaviors calculated by the QPC model support
the 2P(1+) and 23P0 assignments to DJ(3000) and D∗J(3000),
respectively, since the widths of other states are very small or
they can decay into both Dπ and D∗π. We note that DJ(3000)
and D∗J(3000) states are strongly correlated to the background
parameters as shown in Ref. [1]. Thus, more experimen-
tal data are needed to state a clear conclusion on the exis-
tence of DJ(3000) and D∗J(3000) states, their properties and
further identification of the obtained states in Ref. [1]. In
our work, the information of other decay modes of DJ(3000)
and D∗J(3000) is given with the above quantum number as-
signments, which is important to further experimentally study
these two observed DJ(3000) and D∗J(3000) resonances.
When investigating DJ(3000) and D∗J(3000), we have also
given the decay behaviors of the 31S 0, 33S 1, 2D(2−), 23D1,
2D′(2−), 23D3, 2P′(1+), 23P2, 1F(3+), 13F2, 1F′(3+), and
13F4 states, which are still missing in the D meson family. As
the accumulation of more experimental data, more D mesons
will be found in future experiments. Thus, our numerical re-
sults can provide valuable hints to experimental study on these
missing 31S 0, 33S 1, 2D(2−), 23D1, 2D′(2−), 23D3, 2P′(1+),
23P2, 1F(3+), 13F2, 1F′(3+), and 13F4 in the D meson fam-
ily.
At the present, there are good candidates for these low lying
states in the D meson family [10]. The experimental and the-
oretical study of higher radial excitations and 1F states in the
D meson family is interesting and important research field. In
the past years, the BaBar [12] and LHCb [1] experiments have
made some progress on this field. We also expect more exper-
imental efforts will be done in future. As a research filed full
of challenges and chances, further theoretical study on higher
radial excitations and 1F states in the D meson family is also
necessary utilizing different approaches and models.
Note added: After completion of this work, a theoretical pa-
per on DJ(2580), D∗J(2650), DJ(2740), D∗J(2760), DJ(3000),
and D∗J(3000) have appeared [33]. Using the heavy meson
effective theory, their strong partial decays, especially the cor-
responding ratios, are studied.
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